Objective: The objective of the study was to examine the impact of staffing ratios on risk-adjusted outcomes for pediatric cardiac surgery programs in California and relative to other states combined. Background: California performs 20% of the nation's pediatric cardiac surgery and is the only state with a nurse ratio law. Understanding the imposition of mandated ratios on pediatric outcomes is necessary to inform the debate about nurse staffing. Data Sources: Patient variables were extracted from the Healthcare Cost and Utilization Project Kids' Inpatient Database. The American Hospital Association database was used for institutional variables. Methods: Descriptive analyses were used to identify and describe patient, nursing, and hospital characteristics. Changes in nursing ratios and full-time equivalents (FTEs) between 2003 and 2006 were examined. Associations between nursing characteristics and each outcome variable were examined using general estimating equation models. The RACHS-1 (Risk Adjustment for Congenital Heart Surgery) risk adjustment method was used for mortality. Results: Hospitals in California significantly increased RN FTEs (P = .025) and RN ratios (P = .036) after enactment of AB 394 in 2006. Neither RN FTEs nor RN ratios were associated with mortality, complications, or resource utilization after risk adjustment. After the law, California's standardized mortality ratio (SMR) decreased more (33%) than in all other states combined (29%). Standardized complication ratio (SCR) increased by 5% but decreased by 5% for all other states combined, and the increase in charge differential ($53,443) was more than twice the increase ($23,119) for other states combined. Conclusion: Hospitals in California made upward adjustments in nursing FTEs and ratios after enactment of AB 394. There was a substantial increase in California's charge differential, a decrease in SMR, and an increase in SCR after enactment of the legislation.
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As national healthcare reform evolves, substantial debate continues about the appropriate number of RNs necessary for provision of high-quality, cost-effective care in America's hospitals. Although there is no federal law that relates to nurse staffing, the state of California enacted the California Safe Staffing Law (AB 394) in 2004 and became a testing ground for mandated nurse staffing levels. To date, at least 17 states plus the District of Columbia have passed legislation and/or adopted regulations to address nurse staffing. 1 Although perspectives differ on how safe staffing should be achieved, the need for sufficient numbers of RNs to provide safe patient care is undisputed.
In the adult nursing literature, the associations between nurse staffing levels and patient outcomes of mortality and morbidity for hospitalized patients are well established. [2] [3] [4] [5] [6] However, the literature about nurse staffing and outcomes in California has been inconclusive. Since enactment of the law, several studies have demonstrated that although nursing full time equivalents (FTEs) may have increased in California, the anticipated positive impact on patient outcomes from the law was not actualized. 7, 8 Interestingly, Aiken and colleagues 9 recently published results from a 3-state study comparing nurse workload and patient outcomes including mortality and failure to rescue. They concluded that California's mandated nurse staffing ratios were associated with lower mortality and nurse outcomes predictive of better retention.
In pediatrics, the same relationship between nurse staffing and mortality and morbidity outcomes was not found. 10 Findings from a recent study by our group examined the relationship of nurse staffing to risk-adjusted mortality for congenital heart disease across 38 children's hospitals and did not reveal a significant association. 11 We concluded that mortality is probably insensitive to nursing characteristics as long as certain staffing thresholds have been achieved, which is often the case in pediatric hospitals. Nurse staffing in pediatrics is complex, and patient volume is a key driver. The state of California performs approximately 20% of the nation's pediatric cardiac surgery, and this group of patients consumes a disproportionately high share of hospital resources. 12 Building on our findings in children's hospitals, the purpose of this study was 2-fold: to identify and describe changes in RN FTEs and ratios that may have occurred because of enactment of AB 394 and to examine the impact of these changes on the clinical outcomes of risk-adjusted mortality, risk-adjusted complications, and risk-adjusted resource utilization for California versus other states combined.
Conceptual Model
The Conceptual Model of Nursing and Health Policy was used to guide this study. 13 
Nursing Variables
Two nursing variables measured at the institution level were obtained from the AHA Survey Database. Fulltime equivalent was defined as the number of RN FTEs; each FTE is equal to 2,080 hours of worked time annually. Nursing ratio was defined as the number of RN FTEs per patient.
Risk Adjustment Methods
Three risk adjustment methods were used in this study. Risk Adjustment for Congenital Heart Surgery (RACHS-1) was used as a risk adjustment method for in-hospital mortality. 14 
Ethical Considerations and Institutional Review Board
This study used deidentified secondary data. Therefore, the exempt category of approval was sought and approved by the institutional review boards of the University of Massachusetts, Boston, and Children's Hospital Boston. The databases were accessed by a single biostatistician for the duration of this study.
Statistical Analysis
Patient demographic characteristics, clinical characteristics, and outcomes were summarized for children undergoing congenital heart surgery in California for calendar years 2003 and 2006 separately. Categorical variables were summarized using frequencies and percentages, and continuous characteristics were described using the mean, median, SD, range, and interquartile range. Nursing FTEs and nursing ratios were summarized at the hospital level using the median and interquartile range; the Wilcoxon signed rank test was used to assess differences between the 2 years.
Associations between nursing ratios, nursing FTEs, and each of the 3 outcome variables were evaluated using generalized estimating equation models, which account for the intrainstitutional correlation among cases from the same hospital. The model for inhospital mortality included all factors that are part of the RACHS-1 risk adjustment method. Additional patient characteristics and institutional volume were also examined after adjusting for baseline risk; variables significant at the .10 level were retained in the model. Once a final model was determined, nursing FTEs and nursing ratio were added into the model separately; statistical significance was assessed using the likelihood ratio test. Similar analyses were performed for the outcomes, any complication, and total hospital charges.
To investigate whether the California Safe Staffing Law impacted changes in risk-adjusted mortality, risk-adjusted complications, and risk-adjusted resource utilization in California relative to changes in other states combined, institutions in the KID data set performing congenital heart surgery in both 2003 and 2006 were identified. For the outcome inhospital mortality, a logistic regression analysis was used to fit the risk adjustment model for in-hospital mortality in the combined data set. For California and then for all other states combined, the observed mortality rate was defined as the number of cases in that region that had 1 or more deaths divided by the total number of cases in the state. The expected mortality rate was calculated by summing the probability of death (generated from the logistic regression model) for all cases within a given state to obtain the expected number of deaths for that state given its case mix. The expected number of deaths was then divided by the total number of cases performed in the state to get the expected mortality rate. The standardized mortality ratio (SMR) was calculated as the observed mortality rate divided by the expected mortality rate. Standardized mortality ratios were Variation in total hospital charges was explored by examining the differences between the observed and expected mean charges for each institution (the Bcharge differential[). Linear regression analysis was used to fit the risk adjustment model for total hospital charges; because charges have a skewed distribution, the natural logarithm of total charges was used as the outcome variable. To calculate the charge differential, the natural logarithm of total charges was averaged for all cases within each institution to find the mean observed log charges for the center and then exponentiated to get the observed geometric mean charges. The risk adjustment model was then used to predict the log of total charges for each case in the data set, given the case's baseline characteristics. These predicted charges were averaged within each institution to find the mean expected log charges for the center and exponentiated to get the expected geometric mean charges. The difference between the observed mean charges and the expected mean chargesVcalled the mean charge differentialVrepresents the average dollar amount by which the institution Bovercharges[ or Bundercharges[ per case, relative to the data set as a whole.
Results

Patient Clinical Characteristics
Patient demographic and clinical characteristics in the hospitals performing pediatric cardiac surgery in the KID data set in California are illustrated in Table 1 . These characteristics were similar in both 2003 and 2006. The cases of congenital heart surgery were categorized using the RACHS-1 risk categories, with categories 2 and 3 accounting for most cases in both years.
Outcomes in California
In-hospital mortality rates decreased, and complications and hospital charges increased in 2006 compared with 2003 (Table 1) . 
California Hospital Characteristics
Relationships Between California Nursing Characteristics and Outcomes
In California, RN FTEs and nurse ratios were not associated with risk-adjusted mortality in 2003 or 2006. Neither RN FTEs nor nursing ratios were significantly associated with risk-adjusted complications. RN FTEs and nursing ratios were not significantly associated with total hospital charges after risk adjustment (Table 2 ). (Table 3) . Total hospital charges increased in California and nationally in the year 2006 relative to 2003. Interestingly, the increase in the charge differential in California was more than twice the increase for all other states combined (Table 4) .
Discussion
Major Findings There were several unique findings. This is the first known study to examine the impact of nurse staffing ratios on risk-adjusted mortality, risk-adjusted complications, and risk-adjusted resource utilization for pediatric cardiac surgery programs in California before and after enactment of AB 394 and relative to other states combined. The intent of the law was to ensure the presence of sufficient numbers of nurses to provide hospitalized patients with an appropriate level of nursing care.
Hospitals with pediatric cardiac surgery programs in California significantly increased RN FTEs and RN ratios after enactment of AB 394 in 2006 compared with 2003. These findings are key because the law allows for licensed vocational nurses (LVNs) to comprise up to 50% of the nursing workforce within general acute-care hospitals. Prior to enactment of the law, nurse leaders were concerned that hospitals might hire more LVNs as a less expensive way to comply with the new legislation. 16, 17 The data did not reveal less variation in RN FTEs and RN ratios in 2006 compared with 2003. No difference in variation may mean that an intention of the law was not achieved. Because an intent of the law was to Bstandardize[ the amount of nursing care received by hospitalized patients in the state, this intent may not have been realized. Or perhaps the RN FTEs and ratios were at the most desirable levels in these hospitals, in 2003, resulting in a ceiling effect.
Nursing Characteristics on Risk-Adjusted Outcomes
Higher nurse ratios and RN FTEs were not associated with lower risk-adjusted mortality, risk-adjusted 3, 18, 19 RN FTEs and ratios were not independent explanatory variables for pediatric cardiac surgical mortality or complications. Consistent with our findings across children's hospitals, 11 the outcome variable of mortality may be insensitive to nursing characteristics in pediatric cardiac surgery programs as long as certain staffing thresholds have been achieved. Freestanding children's hospitals and adult hospitals with children's services may have staffing levels for pediatric cardiac surgery patients that are higher as a baseline than RN staffing for general adult services. Therefore, in the analysis for this outcome, nurse staffing may already be above the threshold for finding a difference in mortality.
Also, in contrast to the literature about hospitalized adults 3,4 after risk adjustment, RN FTEs and ratios were not significantly associated with complications. It is possible that the broad definition of complications included in this study was less sensitive to changes in nurse staffing, as only some complicationsVsuch as pneumonia and urinary tract infectionsVwere nurse-sensitive. Further research is needed to understand the relation between nurse staffing and complications in pediatric patients, in general, and in pediatric cardiac surgery patients, in particular, before this finding can be understood more clearly.
Neither RN FTEs nor ratios were associated with total hospital charges after risk adjustment. In the unadjusted univariate analysis, there was a relation between RN ratios and increased total hospital charges that weakened after risk adjustment.
Interestingly, institutional volume of pediatric cardiac surgery was associated with risk-adjusted resource utilization; as volume increased total hospital charges actually decreased. As a result, volume was included in the risk adjustment model for resource utilization and may have accounted for mitigating the finding of a relation between RN ratios and increased total hospital charges in the unadjusted analyses. This finding may also support the well-established volume outcome relation in pediatric cardiac surgery programs. More specifically, pediatric institutions that perform larger numbers of cardiac surgery cases have lower mortality rates. 14, 20 Standardized Mortality Ratio in California Versus Other States As expected, there was a slightly greater decrease in SMR in California (33%) than the decrease in SMR for all other states combined (29%) in 2006. This finding is consistent with literature that reveals a decrease in mortality over time for pediatric cardiac surgery programs.
14 It was important to verify this outcome in these data sets because the nature of congenital heart surgery is complex, and new procedures and treatments are being developed constantly to increase the survival of patients. The reason for the greater decrease in SMR in California compared with other states is not known but could be due to an increase in RN FTEs and ratios in these hospitals after enactment of the law. With higher RN ratios, there may have been more patients receiving successful nursing interventions to avert death. finding may be because the increased benefit from higher RN staffing in reducing charges by reducing complications was not realized in California. These data suggest that there may be an opportunity for cost reduction strategies. Although increasing nurse-to-patient ratios has been recommended to improve patient safety in hospitals, the costeffectiveness of increasing RN staffing remains controversial because of data where causal links between nurse staffing and improved nurse-sensitive patient outcomes have not been demonstrated. 4, 21 To economically survive, healthcare systems must tighten resources and maintain quality that is collaboratively defined by both users and providers in the system. Nurses are well positioned to drive this debate and articulate their value in creating safe passage for patients and in containing costs while achieving highquality outcomes for patients and families. Findings from this study will inform the national examination of the relation between nursing characteristics including education level and expertise and patient charges across states for pediatric congenital heart surgery services.
Study Limitations
As with any study relying on secondary data, there may be questions of data integrity and issues with inadequate reporting. 22 Hospital charges are not an ideal proxy for resource utilization; total hospital costs would be a better measure. In addition, in 2003 in California, there were 14 hospitals with pediatric cardiac surgery programs, so the study is limited by power and may not be generalizable to all US hospitals in which pediatric cardiac surgery is performed.
Policy and Practice Implications for Nurse Executives
These analyses provided information about a controversial state law and its impact on care in pediatric cardiac surgery programs. Before this study, it was uncertain whether the increased resources required by the law would be mitigated by reductions in mortality and morbidity. It is possible that FTEs and nursing ratios were already sufficiently high at hospitals that provide pediatric cardiac surgery services, in which case the law would have no impact and may actually be unnecessary.
The California Safe Staffing Law has important economic, patient safety, and care quality implications. The study findings illuminated statewide outcomes of risk-adjusted mortality, complications, and resource utilization from primarily pediatric academic teaching institutions and can help to inform the debate about pediatric centers of excellence in tertiary and quaternary care. All of the findings from this study may guide and inform program development and healthcare policy at the institution, state, and federal levels.
Conclusion
The study findings indicate that hospitals in California made upward adjustments in RN FTEs and nurse ratios after enactment of the California Safe Staffing Law. There was a major increase in California's charge differential, which was 2.5 times more than other states, a decrease in SMR, and an increase in SCR for pediatric congenital heart surgery patients after enactment of the legislation. The findings of this study did not reveal a relation between changes and individual hospital RN FTEs or RN ratios.
As healthcare reform is now the law of the land in these financially challenged times, states will be watching California and the results of its nurse staffing mandate. This study provides a foundation on which to build the next level of empirical studies to clarify relations between nurse-patient ratios, riskadjusted outcomes, financial performance, and both actual and opportunity costs, to better inform those who are evaluating the benefits and risks of this type of public policy. More empirical research is required to determine whether the mandated ratios have the intended effect on quality and safe care for congenital heart surgery patients.
